Abstract The aim of this study was to investigate the effects of different low-level laser therapies (LLLTs) of various wavelengths and energies on normal cultured human melanocytes. Various studies have shown the effects of LLLs on various types of cultured cells. Presently, little is known about the biological effects of LLLTs on melanocytes. Melanocytes were exposed to LLLT at 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, or 5.0 J/cm 2 using a blue (457 nm), red (635 nm), or ultraviolet (UV) (355 nm) laser. Melanocyte viability, proliferation, and migration were monitored at 72 h after irradiation. The blue (P<0.001) and red (P<0.001 and P<0.01) lasers significantly enhanced viability at 0.5 to 2.0 J/cm 2 , whereas the UV laser (P<0.001) could significantly enhance viability only at 0.5 and 1.0 J/cm 2 compared with controls. The blue and red lasers also significantly enhanced the proliferation of the melanocytes at 0.5 to 2.0 J/cm 2 (P<0.001), and the UV laser significantly enhanced proliferation at 0.5 to 1.5 J/cm 2 (P<0.001 and P<0.01) compared with controls. The blue laser significantly enhanced melanocyte migration at 0.5 to 4.0 J/cm 2 (P<0.001 to P<0.05), but the red (P<0.001 and P<0.01) and UV (P<0.001 to P<0.05) lasers could significantly enhance such migration at 0.5 to 1.0 J/cm 2 and 0.5 to 2.0 J/cm 2 , respectively, compared with controls. LLLT at low energy densities is able to significantly increase melanocyte viability, proliferation, and migration in vitro, and at higher energy densities, it gives non-stimulatory results. Additionally, the blue laser was the best among the three lasers. These findings might have potential application in vitiligo treatment in future.
Introduction
Vitiligo is a common depigmentation disorder occurring in approximately 1 % of the world's population [1] . It appears as white patches on the skin due to a loss of functioning epidermal melanocytes.
Due to the obscure pathogenesis of the disease, the treatment options for vitiligo are generally unsatisfactory and difficult. In addition, patients who do respond are at risk for relapse [2, 3] . Therefore, there is a strong need for new therapeutic repigmentation modalities for the treatment of vitiligo.
Low-level laser therapy (LLLT) is a fast-growing technology used to treat a multitude of conditions. This therapy is widely applied in different branches of regenerative medicine, such as tissue regeneration [4] and dentistry, in which it is used to enhance the healing process [5] . Currently, LLLT is considered to be a reliable tool to enhance the proliferation of various cell lines [6] [7] [8] and stem cells [9] . Additionally, it has been reported that LLLT can increase skin pigmentation by stimulating melanocyte proliferation [2] . However, only one report has shown that using a red laser in LLLT can enhance melanocyte proliferation [10] . In addition, the comparative effects of different LLLs on melanocytes have not yet been reported. Therefore, the purpose of the present study was to compare the effects of LLLT using different lasers (red, blue, and ultraviolet (UV)) and energy densities on human melanocyte viability, proliferation, and migration.
Materials and methods

Melanocyte isolation and culture
This study has been approved by the ethical committee of the College of Medicine of King Saud University. The melanocytes used in this study were obtained from normal human foreskin. A biopsy was washed thrice with sterile phosphatebuffered saline (PBS) and cut into small pieces (5×5 mm). The tissue samples were then placed in PBS containing 2.5 % trypsin solution, followed by incubation at 37°C for 1 h. The epidermal sheets were next separated from the dermal face, and the epidermal cells were released by vigorous pipetting. The suspended cells were harvested by centrifugation (200 g, 5 min, at room temperature) and were seeded in two 25-cm 2 tissue culture flasks containing a melanocyte growthpromoting medium (Gibco, Grand Island, NY, USA) and incubated at 37°C in a humidified atmosphere containing 5 % CO 2 , as described by Lerner et al. with slight modifications [11] . The melanocyte growth-promoting medium was changed after 24 h of seeding so that free-floating cells were removed. Subsequently, the medium was changed regularly (every 2 days). Approximately 7 to 10 days after primary seeding, semi-confluent cells were harvested by incubation with 0.25 % trypsin and 0.01 % ethylenediaminetetraacetic acid (EDTA) solution (Sigma, St. Louis, MO, USA) at 37°C for 3 to 5 min. The reaction was stopped using soybean solution (Sigma). The cells were centrifuged at 500 g for 5 min, and the cell pellet was then resuspended and incubated in culture medium. Third-to sixth-passage cells were used in the following experiments.
LLL irradiation
Different previously published irradiation methods were used to irradiate the melanocytes [9, 10, [12] [13] [14] [15] . The experimental setup of the current study is shown in Fig. 1 , in which all output laser beams were from three types of polarized continuous wave (CW) diode lasers: a blue laser (λ=457 nm), a red laser (λ = 635 nm), and a UV laser (λ = 355 nm) passed through an optical fiber coupler connected to one optical fiber. The far end of this 2-m optical fiber was held by an XYZ arm and easily brought to the culture cell plates for three differentcolored (blue, red, and UV) irradiations. Each laser was supported by a beam block, a natural density filter, and two coated mirrors to control the wavelength, output power, and alignment of the beams, respectively. The transmitted mirror (TM) 1 reflected the UV laser beam only, whereas TM2 transmitted the UV laser beam and reflected the red laser beam. Additionally, TM3 transmitted the UV and red laser beams and reflected the blue laser beam. All colors were directed to the fiber coupler with two broadband mirrors.
The laser beams were delivered by the optical fiber, and the power density output was kept constant at 25 mW/cm 2 in the CW mode in all experiments because it had been optimal for the photobiostimulation of cell proliferation in other cell cultures in our laboratory. The fiber end was brought to a certain distance from the cell culture plate, such that a 10-mmdiameter laser beam equally covered the surface of each well in the 48-well plate with a controllable energy density. Prior to lasing, the average energy at the end of the fiber was determined using an energy meter (Gentec, SOLO 2 (R2), Canada). Melanocytes were seeded onto the 48-well plates at a density of 4×10 4 cells per well and were incubated overnight. The medium of the melanocytes was replaced with sterile PBS to minimize the loss of laser energy through absorption by the Fig. 2 Effects of blue (a), red (b), and UV laser (c) irradiation on the viability of normal cultured human melanocytes 72 h following exposure. Significance of differences between irradiated cells and controls: *P<0.05; **P<0.01; ***P<0.001 colored culture medium. The melanocytes were irradiated only once with the blue, red, or UV laser at an energy density of 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, or 5.0 J/cm 2 for 20 to 200 s. Next, along with control groups (non-irradiated), the cells were incubated for 72 h. The formula used for calculating the designated duration of laser treatment was as follows: time (sec) = energy (J/cm 2 ) × surface area (cm 2 )/power (W) [16] . During the experiments, one well was irradiated at a time, whereas all other wells stayed protected from direct light by black tape. To protect the cells from irradiation scattering, each seeded well was surrounded with empty neighboring wells. To avoid the influence of second-order variables, the cells in all experimental groups, including the control groups, were exposed to the same environmental and stress conditions, such as temperature, humidity, and light. Plastic-topped plates were used, and sterile culture conditions were maintained. After irradiation, the PBS was replaced with fresh melanocyte growth-promoting medium for further incubation as described above. The irradiation procedure was performed at room temperature and was performed in partial darkness, with the laser as the only light source. All irradiation experiments were performed in triplicate, and the average numbers of melanocytes were used for analysis.
Cell viability
The effect of LLLT on the melanocyte viability was assessed using a trypan blue exclusion assay. At the end of the irradiation and the 72 h of incubation, the melanocytes were washed with PBS and harvested by gentle trypsinization (0.25 % trypsin-0.01 % EDTA suspension; Gibco) in a constant volume of 0.1 ml, followed by mixing with an equal volume of trypan blue (Sigma). The solution was incubated for 5 min and loaded into a hemocytometer counting chamber, and the total number of cells, the number of viable (unstained) cells, and the number of nonviable (stained) cells per milliliter were counted to determine the % viability [17] . The % viability was defined as the number of viable cells (translucent)/the total cell number × 100. Three separate counts were performed for each well. The number of cells was counted and compared with that of non-irradiated controls, and graphs were plotted for cell viability.
Cell proliferation determination
The effect of LLLT on melanocyte proliferation was assessed using a 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay-based cell growth determination kit (Sigma, cat no. CGD-1). Irradiated and non-irradiated melanocytes were incubated with 10 % MTT solution for 3 h at 37°C. The MTT solution was then replaced with an equal volume of isopropanol. The plates were next incubated with shaking for 45 min at room temperature. The absorbance was then read at 549 nm using an EL×800 counter (Universal Microplate Reader, BioTek Instruments, USA). The statistical data were obtained for melanocytes irradiated with different lasers of different LLL energies and for controls (no irradiation or 0.0 J/cm 2 ) using one-way ANOVA and the post hoc Tukey HSD test. Energy densities of 2.5 J/cm 2 onward were not included, as their effects on melanocytes were not statistically significant relative to controls
Cell migration assay
The effect of LLLT on the migration of melanocytes was assessed using the in vitro scratch assay described by Liang et al. with slight modifications [18] . Briefly, melanocytes were seeded and incubated overnight. A Bscratch^was then created in a cell monolayer with the help of a sterile 200-μl pipette tip, after which the cells were irradiated as described above. Debris from the cells was removed by changing the medium, and the cells were incubated at 37°C. Images were captured at 0, 24, 48, and 72 h to monitor the migration of the cells to close the scratch. Photographs were taken using a chargecoupled device camera attached to an inverted phasecontrast microscope (Olympus, Tokyo, Japan) at a power of ×10. For statistical analyses, images were taken from three separate Bscratch areas^under the same magnification. The images were compared with controls. Additionally, the numbers of migrated melanocytes were counted in the Bscratch Fig. 3 The MTT assay was used to determine the proliferation effects of blue (a), red (b), and UV lasers (c) from 0.5 to 5.0 J/cm 2 on the proliferation of normal cultured human melanocytes 72 hrs following exposure. Significance of differences between irradiated cells and controls: *P<0.05; **P<0.01; ***P<0.001 area,^and graphs were plotted for cell migration. All assays were performed in triplicate on at least two separate occasions.
Statistical analysis
One-way analysis of variance (ANOVA) was used to compare the mean values of quantitative variables across the categorical variables, followed by the post hoc Tukey HSD test, which was used to verify whether there were any significant differences between the different laser-treated groups and the controls. A P value <0.05 was considered as statistically significant. The data were analyzed using GraphPad Prism 4.0 (GraphPad Software, San Diego, CA, USA) statistical software.
Results
LLLT enhanced viability of cultured melanocytes
As illustrated in Fig. 2 , a single exposure of cultured melanocytes to a blue, red, or UV laser promoted their viability in an energy density-dependent manner relative to their controls. In this study, the percentage of cells was determined at 72 h following irradiation. The blue laser significantly increased the number of melanocytes (Fig. 2a ) by 4.6-, 3.95-, 2.26-, and 2.35-fold in wells exposed to 0.5, 1.0, 1.5, and 2.0 J/cm 2 , respectively, compared with controls, with a maximal and significant effect obtained following 0.5 J/cm 2 irradiation (P < 0.001). From 2.5 to 5.0 J/cm 2 , except 4.5 J/cm 2 , the blue laser failed to significantly increase the number of melanocytes compared with controls. The red laser significantly increased the number of melanocytes (Fig. 2b ) by 3.38-, 4.52-, 2.32-, and 1.98-fold in wells exposed to 0.5, 1.0, 1.5, and 2.0 J/cm 2 , respectively, compared with controls, with a maximal and significant effect obtained following 1.0 J/cm 2 irradiation (P < 0.001). However, at energy densities from 2.5 to 5.0 J/cm 2 (except 4.0 J/cm 2 ), the red laser failed to significantly increase the number of melanocytes relative to controls. The UV laser significantly increased the number of melanocytes (Fig. 2c) by 3 .92-and 4.52-fold in wells exposed to 0.5 and 1.0 J/cm 2 , respectively. However, at energy densities from 1.5 to 5.0 J/cm 2 , the UV laser did not significantly increase the number of melanocytes relative to controls.
When one-way ANOVA analysis was performed within groups exposed to different energy densities, it was observed that at an energy density of 0.5 J/cm 2 , the blue laser significantly increased the number of melanocytes compared with the blue laser at 1.5 to 5.0 J/cm 2 , with a P value <0.001. Similarly, at an energy density of 1.0 J/cm 2 , the blue laser significantly increased the number of melanocytes compared with the blue laser at 1.5 to 5.0 J/cm 2 , with a P value <0.001. The red and UV lasers at energy densities of 0.5 and 1.0 J/cm 2 significantly increased the number of melanocytes compared with the other energy densities used in the study (Table 1) . The statistical data were obtained for melanocytes irradiated with different lasers of different LLL energies and for controls (no irradiation, or 0.0 J/cm 2 ) using one-way ANOVA and the post hoc Tukey HSD test. Energy densities of 2.5 J/cm 2 onward were not included, as their effects on melanocytes were not statistically significant relative to controls
LLLT enhanced proliferation of cultured melanocytes
The MTT assay, which is based on mitochondrial activity, showed a significant increase in the proliferation of melanocytes treated with LLLT. The blue laser enhanced proliferation by 3.74-, 3.28-, 2.37-, and 2.69-fold at energy densities of 0.5, 1.0, 1.5, and 2.0 J/cm 2 , respectively, compared with controls, with a maximal and significant effect obtained following 0.5 J/cm 2 irradiation (P<0.001). However, the blue laser could not increase the proliferation of melanocytes significantly when the melanocytes were treated at energy densities from 2.5 to 5.0 J/cm 2 (Fig. 3a) . The red laser significantly increased the proliferation of melanocytes (Fig. 3b) by 3.35-,  3 .77-, 2.56-, and 2.05-fold in wells exposed to 0.5, 1.0, 1.5, and 2.0 J/cm 2 , respectively, compared with controls, with a maximal and significant effect obtained following 1.0 J/cm 2 irradiation (P<0.001). At energy densities from 2.5 to 5.0 J/cm 2 , the red laser could not significantly increase the proliferation of melanocytes. Proliferation was enhanced by 3.27-, 3.7-, and 1.68-fold when melanocytes were treated with the UV laser at energy densities of 0.5, 1.0, and 1.5 J/cm 2 , respectively, compared with controls, with a maximal and significant effect obtained following 1.0 J/cm 2 irradiation (P<0.001). However, at energy densities from 2.0 to 5.0 J/cm 2 , the UV laser did not significantly enhance melanocyte proliferation relative to controls (Fig. 3c) .
One-way ANOVA within groups showed that the blue and red lasers at energy densities from 0.5 to 2.0 J/cm 2 significantly increased the proliferation of melanocytes compared with the other energy densities used in the study, and the lowest P value was <0.05. Moreover, the UV laser at energy densities of 0.5 and 1.0 J/cm 2 enhanced melanocyte proliferation compared with the other energy densities used in the study (Table 2) .
LLLT enhanced migration of cultured melanocytes
The number of migrated melanocytes treated with LLLT was significantly higher compared with controls. The number of melanocytes treated with the blue laser at energy densities from 0.5 to 4.0 J/cm 2 was significantly increased compared with controls, with a maximal and significant effect obtained following 0.5 or 1.0 J/cm 2 irradiation (P<0.001) (Fig. 4a) . In contrast, the red laser could significantly enhance the migration of melanocytes only at energy densities of 0.5 and 1.0 J/cm 2 compared with controls, with a maximal and significant effect obtained following 1.0 J/cm 2 irradiation Fig. 4 A scratch assay was used to determine the effect of blue (a), red (b), and UV lasers (c) from 0.5 to 5.0 J/cm 2 on the migration of normal cultured human melanocytes 72 hrs following exposure. Significance of differences between irradiated cells and controls: *P<0.05; **P<0.01; ***P<0.001 (P<0.001). However, at energy densities from 1.5 to 5.0 J/cm 2 , the red laser failed to significantly increase the migration of melanocytes relative to controls (Fig. 4b) . The UV laser significantly enhanced the migration of melanocytes at energy densities of 0.5 and 1.5 J/cm 2 compared with controls, with a maximal and significant effect obtained following 0.5 or 1.0 J/cm 2 irradiation (P<0.001). Interestingly, 3.5 J/cm 2 showed significant enhancement in the migration of melanocytes, with a P value <0.05. However, at energy densities from 2.0 to 3.0 and from 4.0 to 5.0 J/cm 2 , the UV laser failed to significantly increase the migration of melanocytes compared with controls (Fig. 4c) . Photomicrographs showed that the blue laser was significantly more effective than the other lasers were at an energy density of 0.5 J/cm 2 compared with controls in enhancing the migration of melanocytes (Fig. 5) .
One-way ANOVA within groups of different energy densities showed that at energy densities from 0.5 to 1.0 J/cm 2 , the blue and UV lasers significantly increased melanocyte migration compared with the other energy densities used in the study, with a P value <0.05. In contrast, the red laser did not significantly affect melanocyte migration compared with controls when the analysis was performed within groups of different energy densities (Table 3) .
Discussion
LLLT is known to stimulate the proliferation and differentiation of several types of cells, including fibroblasts and stem cells [8, 9, 19] . LLLT is a type of photomodulation that uses photons to modulate biological activity. During LLLT, light is absorbed by a photoreceptor, and a chain of molecular actions is started that directs the photoactivation of enzymes in the mitochondria, signal transduction, and amplification, ending with a photoresponse [20] . LLLT is absorbed by components of the respiratory chain, which leads to changes in both the mitochondria and the cytoplasm. During the LLLT process, additional Ca 2+ transported into the cytoplasm, which triggers mitosis and modulates DNA and RNA synthesis at LLL doses, in turn modulating and enhancing cell proliferation. At higher LLL doses, too much Ca 2+ is released, which exhausts the ATP reserves of the cell [21] .
A variety of factors influence the LLLT process [22] . Selection of the correct wavelength, the duration of irradiation, the power density (W/cm 2 ), and the type of cell irradiated is important to obtain maximum biostimulation from LLLT [23, 24] . Additionally, constant application of the correct dose is required if the best therapeutic effects are to be achieved, as this parameter plays the most important role in both the stimulation and the inhibition of cellular metabolism [6] . The design of the LLLT protocol used in the present study was based on our previously published extensive review [6] .
The initial aim of this study was to determine irradiation parameters leading to the enhanced proliferation of melanocytes following low-level blue, red, or UV laser irradiation and to examine the viability, proliferation, and migration of melanocytes after treatment. In this study, for the first time, the effects of three different lasers and exposure times on melanocytes were examined.
Viability and proliferation are essential biological parameters for any cells, including melanocytes. To determine the viability and proliferation of LLL-irradiated melanocytes, trypan blue staining and the MTT assay were used, respectively [17] . Pinheiro et al. recommended lower doses of LLLT to irradiate mucosal and skin wounds because the absorption and spreading of light are greater due to the lack of an optical barrier [25] . High doses of LLLT reduce biostimulatory effects and damage photoreceptors due to the inhibition of metabolism and consequent cell death [23, 26] . Therefore, in the present study, melanocytes were treated with low and high doses of blue, red, and UV lasers, as the objectives were to stimulate the proliferation of melanocytes and to observe the negative effects of high doses. We observed that the blue and red lasers significantly increased the viability and proliferation of melanocytes at lower doses (0.5 to 2.0 J/cm 2 ), whereas higher doses showed non-stimulatory effects. In contrast, the UV laser showed positive effects only at 0.5 and 1.0 J/cm 2 . Wavelengths of 600 to 700 nm were used to stimulate cell proliferation [27] . Our results also showed that the red laser at 635 nm helped to increase the viability and proliferation of melanocytes. In addition, LLLT showed a dosedependent effect in the present study. The above results indicate induction of the mitochondrial activity and proliferation of LLL-irradiated melanocytes compared with the controls. The graphs, photomicrographs, and tables support these results (Figs. 1, 2, 3, 4 , and 5 and Tables 1, 2, and 3) .
Migration is critical to the function of melanocytes. Human melanocytes are known to originate from the neural crest and then to migrate to colonize the basal layer of the epidermis [28] . Functional melanocytes are destroyed in vitiliginous skin, whereas inactive melanocytes are spared [29] . Following various forms of vitiligo therapy, including phototherapy, inactive melanocytes could be recruited to repigment the vitiliginous macules [30, 31] . Repigmentation starts as a result of the proliferation of the inactive melanocytes, followed by their migration to the nearby epidermis to form small pigmentation islands that expand and coalesce to form normally pigmented skin [32, 33] . The Bscratch assay^is a convenient, straightforward, and inexpensive method to study cell migration in vitro [18] . One of the major advantages of this simple method is that it mimics the migration of cells in vivo to a certain extent. In the present study, the blue laser (0.5 to 4.0 J/cm 2 ), red laser (0.5 and 1.0 J/cm 2 ), and UV laser (0.5 to 1.5 J/cm 2 ) significantly increased melanocyte migration. We observed that the blue laser was more effective in enhancing melanocyte migration compared with the red and UV lasers (Figs. 4 and 5 and Table 3 ). These results conform with earlier reports [34] .
Phase-contrast microscopy was used to demonstrate melanocyte migration into the center of Bscratch areas^in control and LLL-treated melanocytes (Fig. 5) . The migration of melanocytes across the central scratch was also a good indicator of cell proliferation. LLL appeared to improve the functions, maintain the viability, and increase the proliferation of melanocytes so that they avidly migrated across the central scratch. This behavior could be extrapolated The statistical data were obtained for melanocytes irradiated with different lasers of different LLL energies and for controls (no irradiation or 0.0 J/cm 2 ) using one-way ANOVA and the post hoc Tukey HSD test. Energy densities of 2.5 J/cm 2 onward were not included, as their effects on melanocytes were not statistically significant relative to controls to the in vivo milieu, possibly serving as an attempt to distribute melanin pigment in all parts of the skin, with consequently high potential for the treatment of recalcitrant vitiligo.
The enhancement of melanocyte viability, proliferation, and migration by LLLT has medical significance. In light of the present study, it is worth proposing that in vitiligo patients, LLLT can augment melanocyte proliferation and migration and thus may rescue damaged melanocytes and stimulate inactive melanocytes by providing the proper microenvironment to increase their growth and, in turn, their repigmentation efficiency. In this experiment, we have used normal cultured human melanocytes; therefore, this might not be applicable in vitiligo the same way it does in our experiment. As melanocytes in skin are in a complex environment, where signals from cell-to-cell contact, paracrine signals, ambient light, inflammation (especially in vitiligo), etc. may alter the behavior of melanocytes, which is totally different from in vitro. Therefore, similar results seen in this in vitro study may not be replicated same way in vivo. However, LLLT can be a useful therapeutic option for vitiligo management and other skin diseases, which deserve further studies.
There were no obvious harmful effects noticed in treated patients with LLLT [34] or reported in the literature [35] . On the contrary, Frigo et al. irradiated melanoma in vitro and in vivo by LLLT and no statistically significant difference observed between controls and laser-irradiated groups for cell proliferation in vitro [36] . On the other hand, tumor mass was significantly higher at doses 1050 J/cm 2 when compared with control. Investigators observed that the high dose (1050 J/ cm 2 ) produced a significant increase in tumor mass volume in in vivo and considerable histological alterations which indicate worsening of the cancer; on the other hand, low dose of 150 J/cm 2 did not induce any changes. Frigo et al. proved that LLLT may not cause cancer if its energy density is very low because no mutational effects can result from light with wavelengths in the red or infrared range and of doses used within LLLT [36] . However, irradiation over known or suspected areas of malignancies should be avoided. We will surely need more studies to give us more answers about laser treatment with cancer patients.
Additionally, we would like to mention that so far, more than 2000 clinical studies have been conducted on the use of LLLT in patients who do not have skin cancer, and in all of these studies, no mutational effects have ever been observed resulting from therapy with wavelengths in the visible or infrared range, in doses used within laser therapy. However, patients who receive ultraviolet (UV) light treatments are at higher risk of premature aging of the skin and of developing skin cancer. Patients must also take care to limit or eliminate their exposure to other sources of UV radiation, especially if they are taking a psoralen compound in addition to receiving the UV treatments.
Conclusions
The present study showed that LLLT significantly enhanced the viability, proliferation, and migration of normal cultured human melanocytes. We observed that blue and red lasers at low energy densities significantly enhanced the viability, proliferation, and migration of melanocytes. However, a UV laser exerted similar effects at 0.5 and 1.0 J/cm 2 only. Additionally, the blue laser was the best among the three lasers. In contrast, at higher energy densities, all three lasers were ineffective. These results may have clinical implications for vitiligo patients and other skin diseases. LLLT does not have any harmful effects during irradiation process. Additionally, LLLT is non-ionizing radiation and will not induce cancer, damage to skin, or damage to tissues or DNA. Further investigations are required to understand the role of growth factors and cytokines in the obtained results.
